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$\frac{\partial u}{\partial t}=i\triangle u+F(u,\overline{u}, \nabla_{x}u, \nabla_{x}\overline{u})$, $(\dot{t}, x)\in(\mathrm{O}, T)\cross \mathrm{R}^{n}$ ,
$u(\mathrm{O}, x)=u_{0}(x)$ , $x\in \mathrm{R}^{n}$







$0<T<\infty$ , , $I=.$( $..\cdot 0,$ T)- . , \mbox{\boldmath $\delta$} $=\delta(T.)$
,
$(1_{:}2)u_{0}\in B_{2^{/}1}^{5},(\mathrm{R}2)\cap B^{3/}1,1(2\mathrm{R})$ , $\max\{||u_{0}||_{B_{2}(\mathrm{R})}5,/12, ||u_{0}||_{B^{3}(1,,\mathrm{R}}/2\}1)\leq\delta$,
,
(1.3) $u=e^{it\partial_{x}^{2}}u_{0}(X)+ \int^{t}\mathrm{o}(exF(u(x, S),$$\partial xu(x, s),\overline{u}(X, S),$ $\partial_{x}\overline{u}x,$$Si(t-S) partial^{2} )d_ S}$ ,
u(x, t) , :
(1.4) $u\in B_{\infty,1}^{3}(\mathrm{R};L2(I))\cap B_{11)}^{1}(\mathrm{R};L(\infty I))\cap B_{2}^{3/2},1(\mathrm{R};L(\infty I))$
. , $B_{p,q}^{s}$ Besov , $\partial_{x}=\partial/\partial x$ .
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, $u$ (1.3) (1.4) ,
(1.5) $u$ $\in$ $C([0, T];B^{2}2,1(\dot{\mathrm{R}}))\cap C^{1}((0, T);B0(2,1\mathrm{R}))$ ,
$du$
(16) – $=$ $i\partial_{x}^{2}u(x, t)+F(u, \partial_{x}u,\overline{u}, \partial_{x}\overline{u})$,
$\overline{dt}$
. , $i\partial_{x}^{2}$ $B_{2,1}^{0}(\mathrm{R})$ Schr\"odinger $\{\exp(it\partial_{x}^{2})\}$
. .
$\mathrm{H}\mathrm{a}\mathrm{y}\mathrm{a}\mathrm{s}\mathrm{h}\mathrm{i}-\mathrm{O}\mathrm{Z}\mathrm{a}\mathrm{W}\mathrm{a}[7]$ .
(1.7) $u_{0}\in H^{3}(\mathrm{R}),$ $\sqrt{1+x^{2}}u_{0}\in H^{2}(\mathrm{R})$
, $u_{0}$ (1.6) $u(\cdot)$ $(0, T)$ , :
(1.8) $u\in C_{w}(0, T;H^{3}(\mathrm{R}))$ , and $\sqrt{1+x^{2}}u\in C([0, T];H^{2}(\mathrm{R}))$
– . ,
$H^{s}(\mathrm{R})=\{f\in L_{2};(1+|\xi|^{2})^{S}/2\hat{f}(\xi)\in L_{2}\}$ (Sobolev )
. Hayashi-Ozawa
.
$\mathrm{K}\mathrm{e}\mathrm{n}\mathrm{i}\mathrm{g}- \mathrm{P}\mathrm{o}\mathrm{n}\mathrm{c}\mathrm{e}- \mathrm{V}\mathrm{e}\mathrm{g}\mathrm{a}[11]$ :
(1.9) $u_{0}\in H^{11/2}(\mathrm{R}),$ $\sqrt{1+x^{2}}u_{0}\in H^{3}(\mathrm{R})$






$u\in C([0, T];H^{11}/2(\mathrm{R}))$ ,










(2.1) $\varphi_{0}$ $\in$ $C^{\infty}(\mathrm{R}^{n})$ , $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\varphi_{0}\subset\{\xi$
.
$\in \mathrm{R}^{n};|\xi|<1$ ,
1(2.2) $\varphi$ $\in$ $C^{\infty}(\mathrm{R}^{n}),$ $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\varphi\subset\{\xi\in \mathrm{R}^{n};_{\overline{4}}<|\xi|<1$ ,
(2.3) $C_{1}$ $. \leq.\sum_{j=0}^{\infty}\varphi j(\xi)\leq$
.
$C_{2}$ , $...\varphi_{j}(\xi.)|:=\varphi(2^{-j}\xi)(j\geq 1)$
, $C_{1}$ $C_{2}$ , , $u\in B_{p,q}^{S}(\mathrm{R}^{n};X)$
(2.4) $\{$
$u\in d(\mathrm{R}^{n};x)$ ,
$u*\check{\varphi}_{j}\in L_{p}(\mathrm{R}^{n};x)$ , $j=0,1,2,$ $\cdots$ ,
$\{2^{js}||u*\check{\varphi}j||_{L}p\}_{j}\geq 0\in p_{q}$
. ,
(2.5) $\check{\varphi}(x)=\mathcal{F}-1\varphi(x):=(2\pi)-n/2\int e^{ix\xi}\varphi(\xi)d\xi$ ,
$u*v(x):= \int u(x-y)v(y)dy$ . )
(2.6) $||u||_{B^{S}}(\mathrm{R}^{n};\mathrm{x})p,q:=||\{2^{j}S||u*\check{\varphi}_{j}||_{L_{\mathrm{p}}}\}_{j\geq 0}||_{\ell_{q}}$
. Besov Sobolev
. , , .
Besov , , :
2 1. $1\leq P\leq\infty,$ $1\leq q\leq\infty,$ $\theta>0$ , $X,$ $X_{1}$ $X_{2}$ Banach
, : $X_{1}\cross X_{2}\vdasharrow X;(u, v)\mapsto u\cdot v$ : $|$
(2.7) $||u\cdot v||_{X}\leq c||u||_{\mathrm{x}}1^{\cdot}||v||_{X}2$
. ,
(2.8) $p\leq p_{1},$ $p_{2},$ $r_{1},$ $r_{2} \leq\infty,\frac{1}{p}=\frac{1}{p_{1}}+\frac{1}{p_{2}}=\frac{1}{r_{1}}+\frac{1}{r_{2}}$ .
. ,
(29) $||f.g||_{B}\theta(\mathrm{R}np,q;X)$
$\leq C\{||f||_{B_{p}}\theta 1,q(\mathrm{R}^{n};X1). ||g||L_{p}(2\mathrm{R}^{n};X_{2})+||f||_{L_{r}(}\mathrm{R}^{n};X_{1})1^{\cdot}||g||_{B_{r}}2^{q}\theta,(\mathrm{R}nx;2)\}$ ,
3












2. 2. $s$ , $k>s$ , $1\leq p\leq\infty,$ $1\leq q\leq q\leq\infty$
. , $f\in B_{p,q}^{S}(\mathrm{R}^{n};X)$




(3.1) $S:f arrow u(t, x):=\frac{1}{(2\pi)^{n}}\int\int e^{i(y)}f(yx-\xi+ih(t,\xi))dyd\xi$
. , $h(t, \xi)=t|\xi|^{2}$ , (3.1) $u$ Schr\"odinger
(3.2) $-^{\mathrm{w}}=-i\triangle u$ , $u(0,x)=f(X)$
$dt$
.
3. 1. $\sigma$ , $1\leq q\leq\infty,$ $I=(\mathrm{O}, 1)$ . $h(t, \xi)$
, .
(3.3) $| \frac{\partial^{k^{\wedge}}h(t,\xi)}{\partial t^{k}}|\leq c_{k}(1+|\xi|k\gamma),$ $k=0,1,$ $\cdots$ ,
4
, $c_{k}$ $t$ $\xi$ , ,\acute (3.1)
$S$ $B_{2,q}^{\gamma\sigma}(\mathrm{R}^{n})$ $B_{2,q}^{\sigma}(I;L_{2}(\mathrm{R}^{n}))$
. $r$ .




3. 1. $1\leq p\leq\infty,$ $\sigma\in \mathrm{R}$ ,
(3.4) $B_{p,1}^{\sigma}(I;L_{p}(\mathrm{R}^{n}))\subset L_{p}(\mathrm{R}n;B_{p}^{\sigma},(1I))$
$B_{2,1}^{1/2}(I)\subset L_{\infty}(I)$ ,
(3.5) $B_{2,1}/2(1I;L2(\mathrm{R}n))\subset L_{2}(\mathrm{R}^{n};B_{2,1}^{1}/2(I))\subset L_{2}(\mathrm{R}^{n};L_{\infty}(I))$
, 3. 1 ,
3. 2. 3. 1 , $S$ $B_{2,1}^{1/2}(\mathrm{R}n)$ $L_{2}(\mathrm{R}^{n});L_{\infty}(I))$
. ,
(3.6) $|| \{\sup_{t\in I}|\frac{1}{(2\pi)^{n}}\int\int e^{i()\xi i}f(y)dydx-y+h(t,\xi)\xi|\}||_{L_{2(}}\mathrm{R}^{n})\leq C||f||_{B^{1}(2,,\mathrm{R}^{n}}/12)$
.
Carbery [3] Cowling [5] – .
1 $h(t, \xi)=|\xi|^{a}$ :
3. 3 . $a>1$
(3.7) $|| \{\sup_{It\in}|\frac{1}{(2\pi)^{n}}\int\int e^{i()\xi}x-y+i|\xi|af(y)dyd\xi|\}||L_{2(}\mathrm{R}^{n})\leq C||f||_{B(2,,\mathrm{R}n}an_{1}/4)$
.
$\mathrm{S}\mathrm{j}_{\ddot{\mathrm{O}}1}\mathrm{i}\mathrm{n}[19]$ Besov . ,
$\mathrm{S}\mathrm{j}\ddot{\mathrm{o}}\mathrm{l}\mathrm{i}\mathrm{n}[19]$ , $a>1,$ $s>an/4$ , . $\cdot$
(3.8) $|| \{\sup_{t\in I}|\frac{1}{(2\pi)^{n}}\int\int e^{i(y)\xi}-+i|\xi|a|xf(y)dyd\xi\}||L_{2}(\mathrm{R}^{n})\leq C||f||_{H^{S}(\mathrm{R}n})$
.
$s>an/4$ , $H^{s}\subset B_{2,1}^{an/4}$ , (3.7) (3.8) .
5
, $\mathrm{S}\mathrm{j}\ddot{\mathrm{o}}\mathrm{l}\mathrm{i}\mathrm{n}[19]$ $n=1$ , $s<1/4$ (3.8)
. $s=1/4$ (3.8) (
). $n=2$ , $h(t, \xi)=|\xi|^{2}$ (3.6)
$\mathrm{M}\mathrm{o}\mathrm{y}\mathrm{u}\mathrm{a}- \mathrm{V}\mathrm{a}\mathrm{r}\mathrm{g}\mathrm{a}-\mathrm{v}\mathrm{e}\mathrm{g}\mathrm{a}[13]$ .
$L_{p}$
3.4 . $a>1,$ $I=(\mathrm{O}, 1),$ $0\leq p\leq\infty$ ,
(3.9) $\sigma$ $:= \min\{\frac{1}{2}+(n-1)|\frac{1}{2}-\frac{1}{p}|,$ $\frac{n}{4}+\frac{n}{2}|\frac{1}{2}-.\frac{1}{p}|\}$ ,
,
(3.10) $|| \{\sup_{It\in}|\frac{1}{(2\pi)^{n}}\int\int e^{i()\xi i|}f(y)dyd\xi|\}x-y+\xi|^{a}||L_{\mathrm{p}}(\mathrm{R}n)\leq C||f||_{B^{a\sigma}}\mathrm{p},1(\mathrm{R}^{n})$ ’
.
, $p=1$ $p=\infty$ , $p=2$
( 3. 3) .
, (3.9) $L_{p}$
,
(3.11) $f arrow\frac{1}{(2\pi)^{n}}\int\int e^{i(x-y)}f\xi+i|\xi|ad(y)yd\xi$
$B_{p}^{a\sigma_{1}},(\mathrm{R}^{n})$ $L_{p}(\mathrm{R}^{n};L_{\infty}(I)))$
. Littlewood-
Paley , , L2 $L_{p}\text{ ^{ } }$ ,
, . 3.
5 Besov :
3. 5. $a>1,0<\tau<\infty,$ $I=(0, T))1\leq p\leq\infty,$ $1\leq q\leq\infty$ ,
$\theta$ ,
(3.12) $|| \frac{1}{(2\pi)^{n}}\int\int e^{i}-y\xi+it|\xi|^{a}f(x)(y)d\xi dy||B_{p}^{\theta},(q\mathrm{R}n;L\infty(I))\leq C||f||_{B^{\theta}}p,+_{q}a\sigma(\mathrm{R})$ .
, \mbox{\boldmath $\sigma$} (3.9) .
, , 3. 6. $a,$ $I,$ $p,$ $q,$ $\sigma$ 3. 5 , $\theta$
. ,




[8] $\mathrm{K}\mathrm{d}\mathrm{V}$ smoothing effect
, ,
. $\mathrm{K}\mathrm{e}\mathrm{n}\mathrm{i}\mathrm{g}-\mathrm{p}\mathrm{o}\mathrm{n}\mathrm{c}\mathrm{e}-\mathrm{v}\mathrm{e}\mathrm{g}\mathrm{a}[9]$ ,
(4.1) $\sup_{x}||\partial_{x}1/2it\partial^{2}xef||_{L_{2}(\mathrm{R}_{t}})\leq C||f||_{L_{2}(\mathrm{R})}$ ,
. Kenig-Ponce-Vega , [11] ,
(4.2) $\sup_{x}||\int_{0}^{S}\partial_{x}e^{i}-SF(t)\partial 2(x. , S)dS||_{L_{2(}}\mathrm{R}_{t}\rangle\leq C||F||L_{1(}\mathrm{R}x;L2(\mathrm{R}t))$ ’
, 1 Schr\"odinger small data
. Besov
,
4. 1. $\sigma$ , $0<T<\infty,$ $1\leq q\leq\infty$ , ,
(4.3) $||e^{it\partial_{x}}f2||B^{\sigma}(\infty,q+1/2\mathrm{R}x;L2([0,T]))\leq C||f||_{B}2\sigma,q(\mathrm{R})$ .
4. 2. $\sigma$ , $0<T<\infty,$ $1\leq q\leq\infty$ , ,
(4.4) $|| \int_{0}^{t}e^{i}xF(t-s)\partial 2(\cdot, s)ds||_{B_{\infty}^{\sigma+}},q1(\mathrm{R}x;L2([0,T]))\leq C||F||_{B}\sigma(\mathrm{R}x);L_{2([T}0,]1,q))$ .
. Besov Sobolev ,




$(x.t)+\epsilon u+F(x, t),$ $(x, t)\in \mathrm{R}\cross \mathrm{R}$
: $u(x, 0)=0$ $\epsilon$ – ,
, .





(5.1) $–=i\partial_{x}u+(\partial_{x}u)^{2},$ $u(x, 0)=u0(x)$ ,
$\partial t$
7
.(52) $u=e^{it\partial_{x}^{2}}u_{0}(X)+Q(u, u)(X, t)$
. , $Q(f, g)$
$\downarrow(5.3)$ $Q(f, g)(X,t):= \int_{0}^{t}e^{i(}-S)\partial^{2}\{t\partial xfx(X, s)\cdot\partial x\mathit{9}(X, S)\}ds$.
.
(54) $Z:=B_{\infty,1}^{3}(\mathrm{R};L_{2}(I))\cap B_{1,1}^{1}(\mathrm{R};L_{\infty}(I))\cap B_{2}^{3/2},1(\mathrm{R};L(\infty)I)$
.
(5.5) $||u||_{Z}:= \max\{||u||_{B_{\infty,1}^{3}}(\mathrm{R};L_{2(}I))’||u||B_{1}1,1(\mathrm{R};L_{\infty}(I))’||u||B_{2,1}^{\mathrm{s}/2}(\mathrm{R};L\infty(I))\}$ .
. ,
(5.6) $||u_{0}(X)||_{B_{2,1}}5/2( \mathrm{R})\mathrm{n}B_{1,1}(\mathrm{R}3/2):=\max\{||u_{0}(X)||_{B^{5/}2},21(\mathrm{R})’||u_{0}(X)||B^{3/}(1,12\mathrm{R})\}$ .
. $u_{0}\in B_{2,1}^{5/}2(\mathrm{R})\cap B_{1,1}^{\mathrm{s}/}2(\mathrm{R})$ , 3. 5 4. 1
,
(5.7) $||e^{it\partial_{x}}u_{0}|2|_{z}\leq c_{0}||u_{0}||_{B_{2,1}}5/2(\mathrm{R})\mathrm{n}B^{3/2}(1,1\mathrm{R})$ .
. $\Phi(u)$
(58) $u=e^{it\partial_{x}^{2}}u_{0}(X)+Q(u, u)(X, t)$
, (5.2)
. 2. 1 3. 6 4. 2 ,
5. 1. $0<T<\infty,$ $I=(\mathrm{O}, T)$ , $Q$ (5.3) ,
(59) $||Q(f)g)||_{B_{\infty}^{3}(},1\mathrm{R};L_{2}(I))\leq C\{||f||_{B_{\infty^{3},1}}(\mathrm{R};L_{2}(I))$ $||g||W_{1}1(\mathrm{R};L\infty(I))$
$+||f||_{W_{1}^{1}(}\mathrm{R};L\infty(I))$ $||g||_{B_{\infty,1}^{3}}(\mathrm{R};L_{2(}I))\}$ ,
(510) $||Q(f, g)||_{B_{1,1(\mathrm{R};}^{1}}L\infty(I))\leq C\{||f||_{B_{\infty^{3},1}}(\mathrm{R};L_{2(}I))$ $||g||W_{1}1(\mathrm{R};L\infty(I))$
$+||f||_{W_{1}^{1}(}\mathrm{R};L_{\infty}(I))$ $||g||_{B_{\infty,1}^{3}}(\mathrm{R};L_{2(I))}\}$ ,
(5.11) $||Q(f, g)||B,(231/2\mathrm{R};L\infty(I))\leq C\{||f||_{B_{\infty^{3},1}}(\mathrm{R};L_{2(}I))$ . $||g||W_{2}1(\mathrm{R};L_{\infty}(I))$
8
.$+||f||_{W^{1}((I)}\mathrm{R};L_{\infty})$ .$|2|g||_{B^{3}}.,2$ }$\infty,1(\mathrm{R}_{L(I}))$ ’
. (5.7) ,






5. 1. ( $\mathrm{P}\mathrm{a}\mathrm{z}\mathrm{y}[151$ p.107 Theorem 2.4.). $\{T(t)\}_{t}\geq 0$ Banach $X$
$C_{0}$- , $A$ . $0<T<\infty$
, $f(i)\in C((\mathrm{O}, \tau);D(A))\cap L_{1}([0, T];^{x})$ . ,
(5.12) $g(t):= \int_{0}^{t}T(t-s)f(s)d_{S}\in C^{1}((\mathrm{o}, T);^{x)}\cap C((\mathrm{O}, \tau);D(A))$ ,
(5.13) $\frac{dg}{dt}$ $=$ $f(t)+Ag(t)$ for $t\in(\mathrm{O}, T)$ ,
.
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